The chemokine receptor CCR5 is a major co-receptor for HIV-1 entry into the host cell. Deletion of 32 bp (Δ32) alters the receptor structure and is associated with the protection against infection. The distribution of allelic variant depends on several factors influencing the epidemiology of HIV infections. Thus, the present study sought to estimate the allelic frequency of the CCR5 gene variant / CCR5Δ32 in blood donor candidates with and without positive serology for HIV-1 + at the HEMOAM Foundation. 239 candidates were enrolled and divided into two groups, HIV-1 + (101 individuals) and HIV -controls (138 individuals). After collecting peripheral blood, DNA was extracted and allele-specific PCR for identification of CCR5Δ32 polymorphism, was performed. The results obtained were analyzed using Stata (v.13). The groups were of similar ages, predominantly male and the distribution of genotypes and alleles were in Hardy-Weinberg equilibrium (p=0.725 and p=0.879, respectively). The highest frequency was wild genotype, followed by the heterozygous genotype in both groups (control and the HIV-1 + ). When the frequencies in HIV-1 + subgroups were analyzed, the absence of the allelic variant CCR5Δ32 subgroup ELISA (+) Westen Blot (+) was noted. Therefore, our data indicate that CCR5Δ32 polymorphism has a low frequency in the population studied.
INTRODUCTION
Infection by the Human Immunodeficiency Virus (HIV) is characterized by immunosuppression associated with opportunistic infections, malignancies, weight loss, degeneration of the central nervous system (CNS) and may cause Acquired Immune Deficiency Syndrome (AIDS) (Brasil, 2015) .
HIV binds to the cell surface through the CD4 + receptor and the CCR5/ CXCR4 co-receptors to gain entry into cells (Berger et al., 1999) . There seems to be a selection of variants of HIV-1 R5 strains, which are responsible for the majority of HIV transmissions while a prevalence of HIV-1 X4 strains is present in some patients with advanced HIV-1 disease. However, HIV-1 and HIV-2 isolates can exploit alternate molecules in vitro as co-factors for viral entry. Several other receptors have been implicated as coreceptors (CCR2b, CCR3, CCR4, CCR6, CCR8, CCR9, CCR10, CXCR2, CXCR5, CXCR6, CX3CR1, XCR1, FPRL1, GPR1, GPR15, APJ, ChemR23, CXCR7/RDC1, D6, BLTR and US28) (Berger et It is noteworthy that the only cure of HIV-1 infection was described in an adult living in Berlin, known as the Berlin patient, who developed acute myelogenous leukemia (AML), was immunosuppressed and treated with an allogeneic hematopoietic stem cell transplant from a donor who was homozygous for the CCR5Δ32 deletion (Hütter et al., 2009; Yukl et al., 2013) .
The global distribution and ethnic factors for allele CCR5/CCR5Δ32 vary significantly, contributing to a variety of genetic resistance profiles to HIV-1 infection seen in different populations (Apostolakis et al., 2005) . The variant allele CCR5Δ32 is relatively common in European populations, whose allele frequency is approximately 10% (Saez-Cirion et al., 2014), while in Asian populations, allele is absent among the Japanese, Filipino, Korean, Chinese and Indians (Martinson et al., 1997) . In Brazil, the allelic frequency observed in urban population (198 random unrelated volunteers) was 93% wildtype homozygous allele (CCR5/CCR5), 7% in heterozygous allele (CCR5/ CCR5Δ32) and absence of the variant allele in homozygous (CCR5Δ32/ CCR5Δ32), resulting in a 3.5% allele frequency (Passos & Proença-Picanço, 1998) .
Thus, the aim of this study was to estimate the allelic frequency of the CCR5/CCR5Δ32 gene variant in candidates for blood donation with and without positive serology for HIV-1 from the Fundacão Hospitalar de Hematologia e Hemoterapia do Amazonas (HEMOAM).
METHODS

Ethical issues
The study protocols were approved by the Research Ethics Committee of the Fundacão Hospitalar de Hematologia e Hemoterapia do Amazonas (REC-HEMOAM, process #0003.0.112.000-11). The free and informed consent form (ICF) was signed by each research subject prior to enrollment, according to the Helsinki Declaration and Resolution 466/12 of the National Health Council for research involving human subjects.
Sampling
The study samples were obtained from 239 candidates for blood donation at HEMOAM, from April 2006 to March 2007 and August 2012 to July 2013. All the candidates were first-time donors, without previous donation history and were subjected to a detailed serological screening, recommended for the screening of microorganisms transmitted through blood, by the Brazilian Blood Bank Authorities. Blood donor candidates who exhibited HIV reactivity in at least one serological screening test were included in the case group (101 samples), whereas the control group (138 samples), consisted of donors without positive serology for screening markers.
Collection of Samples
10 mL of peripheral blood was collected using the vaccum system in tubes with gel separator (BD gel SST ® Advance ® II) and PPT (Tube picker K2 EDTA plasma, BD Vacutainer™ ® ) for complete serological testing for HIV as well as for biomolecular analysis. Chomczynski and Sacchi (1987) , following the recommendations outlined by the manufacturer.
Serological tests
CCR5Δ32 polymorphism genotyping
Amplification was performed using the PCR technique described by Chies and Hutz (2003) . The following pair of primers was used: forward 5'ACCAGATCTCAAAAAGAA3' and reverse: 5'CATGATGGTGAAGATAA-GCTTCA3', derived from previously published sequences in GenBank (AF009962). A total of 25 µL of amplification primer mix was used containing 3.0 µL (100 ng) of genomic DNA, 1.5 µL (2. 
Statistical analysis
The χ 2 two-tailed test and odds ratio (OR) with 95% confidence interval (CI) were calculated. The Hardy-Weinberg equilibrium (HWE) was estimated, compared to the frequencies of the different genotypes with expected values. Logistic regression analysis was performed using the website https://ihg.gsf. de/cgi-bin/hw/hwa1.pl and STATA software (version 13). Westen Blot (Ind) (n=22) and ELISA (+) Westen blot (-) (n=50). Demographic data (age and gender) of participants are described in Table 1 The frequency of allelic variants of CCR5 (CCR5/CCR5Δ32) are shown in Table 2 . The distribution of genotypes and alleles were according to the Hardy-Weinberg expectation (p=0.725 and p=0.879). Regarding the allelic frequencies in the control group and HIV-1 + , the wild genotype (CCR5/ CCR5) was the most prevalent (94% and 96%) followed by the heterozygous genotype (CCR5/CCR5Δ32) with 6% and 4%, respectively. The differences were neither statistically significant nor demonstrated association of the allele variant CCR5Δ32 with HIV-1 + (OR=0.497, CI=0.129 to 1.924, p=0.3029). On analysis of the frequencies of HIV-1 + subgroups, the absence of the allelic variant CCR5Δ32 in the subgroup ELISA (+) Westen Blot (+) was noted. The frequencies of this polymorphism in the other subgroups (ELISA (+) Westen Blot (Ind) and ELISA (+) Westen Blot (-) ) were lower than in the control group. However, the differences observed were not statistically significant (p=0.183, p=0.812 and p=0.627, respectively), as shown in Table 3 . 
DISCUSSION
The allelic variant CCR5Δ32 has been widely studied in the past decades, due to its association with resistance to HIV-1 infection. Liu et al. (2004) demonstrated that both heterozygous and homozygous CCR5Δ32 mutations have a protective effect against HIV-1 infection, since fusion of nucleocapsid viral genetic material with the host cells does not occur. In addition, individuals exhibiting the mutation in homozygous (Δ32/Δ32) have been found to be resistant to HIV-1 infection, whereas the presence in heterozygosis slows the progression and involvement of AIDS patients (Sullivan et al., 2001 ).
In the state of Amazonas, as in the rest of Brazil, HIV infection is associated with sexual transmission in three main groups: men who have sex with men (MSM), sex professionals and intravenous drug users (Oliveira et al., 2015) . Men aged 20 to 34 comprise the majority of those infected, being the highest number of AIDS cases (Oliveira et al., 2015) . It is known that the presence of the homozygous/heterozygous CCR5Δ32 polymorphism may influence HIV infection and modify the epidemiological trends within a population, possibly limiting the spread of HIV-1 and reducing the number of infected individuals (Sullivan et al., 2001 ).
The frequency of heterozygous polymorphism was 5. The first Brazilian report of CCR5/CCR5Δ32 heterozygotes was provided by Grimaldi et al. (2002) , who investigated the occurrence of this allele in different ethnic groups from different regions. They noted a variation in frequency in accordance with ethnicity. The populations described as EuroBrazilian generally had a higher frequency (6.5% in Joinville-SC and Alegrete-RS and 9.3% in the State of Paraná). In populations described as AfricanBrazilian from the state of Bahia the observed frequency was 5.6% (Carvalho et al., 2004) . The presence of the CCR5/CCR5Δ32 variant was 0.2% in Native Americans probably due to mixing with non-Indians, as noted in the Pataxó and Kaingang tribes (Vargas et al., 2006) . Similar results to those observed by our group were described by Farias et al. (2012) , when they studied 839 individuals in the state of Rondônia, with 2.5% total frequency observed. In a study conducted in the city of Belém-PA, the frequency of CCR5Δ32 seronegative individuals was 2.2% and 2.7% in seropositive individuals (Carvalhaes et al., 2005) .
In another study, Leboute et al. (1999) , noted the absence of this polymorphism in patients with Amerindian ancestry from the Amazon region, suggesting that the CCR5Δ32 variant may be associated with migratory flows occurring in Brazil. In the same study, the authors describe the decreasing allele frequencies from the south (8.1%) towards the north (3.3%) of Brazil, suggesting the differential influence of European immigration in the various regions.
Although the levels of association observed are similar to other studies performed in populations of the Brazilian Amazon region, this study was limited due to the size of the population studied. Therefore these results should be validated in larger study populations to confirm these findings.
Not with standing, these results contribute to the understanding of the frequency of the CCR5/CCR5Δ32 variant allele in candidates for blood donation with and without HIV-1 infection from the city of Manaus-AM. In this study, heterozygous CCR5/CCR5Δ32 polymorphism was only noted in control subjects and in subjects in the ELISA (+) Westen Blot (Ind) and ELISA (+) Westen Blot (-) subgroups. Despite the low frequency of this mutation in this study population, the possibility that this polymorphism may be acting as a natural barrier against HIV infection cannot be excluded. However, again larger study populations need to be investigated in order to enable more accurated inferences on the influence of this polymorphism in this population.
